Four testing protocols were completed by each of 10 runners using a common speed for protocols 1 and 2 (P1 and P2), each runner's training pace for protocol 3 (P3) and a speed selected manually by the runner for protocol 4 (P4). Stages were increased by 2.5% grade every 2 min for each protocol except for P1, which had 1 min stages. There were no significant differences in maximum oxygen uptake (VO2 max) between protocols (P1, 65.0 ± 5.6 ml.kg-lmin-1; P2,64.5 ± 5.3 ml.kg-1min-1; P3, 66.2 ± 3.9 ml.kg-lmin-1; P4, 64.7 ± 5.8 ml.kg-lmin-1). Treadmill time was significantly less for P1 than for the other protocols. The rate of perceived exertion obtained at maximal exercise during P1 was less than that obtained during the other three protocols. Heart rate was significantly lower (P < 0.05) at any level of submaximal V02 during P3 than during the other protocols. We recommend a testing protocol using speeds approximating the runner's training pace and 1 min stages. This may result in lower perception of difficulty and HR throughout the test and shorter testing times.
INTRODUCTION
The most commonly selected protocols for assessing maximal oxygen consumption (M02 max) in trained runners have used the same speed for all runners or different speeds and stage increments according to the subjects' predicted V02 max (Astrand and Rodahl, 1977; Costill and Fox, 1969) . The most desirable testing protocol may be one that is similar to the runner's training environment (Davies et al, 1984) . This may be most closely duplicated during a test by allowing the runners to run at their usual training pace or allowing them to select the running speed used during the test.
This study investigated trained runners who performed four V02 max tests each. During two of the tests, the same treadmill speed was used for all runners. During the other two tests the subjects ran at their usual training pace for one and a self-selected testing speed was used for the other. Differences in maximal and submaximal physiological responses were evaluated. In addition, because it is desirable that testing time should be short, differences between tests using 1 versus 2 min stages were investigated.
MATERIALS AND METHODS
Ten well trained male runners (age = 33.6 ± 8.6 yrs) performed four 02 max tests each (Table 1) Four treadmill testing protocols were randomly ordered for each runner. The tests were scheduled at least 48 hours apart and at the same time each day. The runners were instructed not to eat a large meal for at least 3 hours before a test and to avoid.strenuous workouts for the 24 hours preceding the test. All tests were performed on a motorised treadmill.
Protocols 1 and 2 (P1 and P2) used the same speed (3.58 m.s-1), but different stage durations (P1 = 1 min; P2 = 2 min). This speed was selected based on reported training paces of runners questioned and protocols used for runners in previous investigations. The speed for P3 was the mean reported training pace for each runner (3.89 ± 0.22 m.s-1). During P4, speed was controlled manually by the runner during the warm-up period using toggle switches that were mounted on the front handrail support of the treadmill. The runners were instructed to select a speed that felt comfortable and would allow an "all out" maximal effort. The final warm-up speed was recorded and used for the remainder of the test. The runners were given no feedback as to the speed they selected. The mean selected speed was 3.53 ± 0.50 m.s-1.
The tests began with a 5min warm-up at 0% grade during which the speed was increased gradually to the protocol's respective running speed. The runners were motivated verbally to continue as long as possible during all tests until they could no longer continue and grasped the front handrail support.
The runners breathed through a Hans-Rudolph two-way, non-rebreating valve (dead space = 115 ml) held in place by headgear apparatus. Expired air volumes were measured and presented as minute values using a Rayfield Air Meter (RAM-9200 Spirometer) with potentiometer output to an Apple 11+ computer. Oxygen and carbon dioxide concentrations were determine<,by calibrated Beckman OM-1 1 and LB-2 gas analysers. Oxygen uptake, carbon dioxide production C and the re-piratary exnhange ratio (R) were computed and updated each min and at peak exercise. Heart rate was recorded by standard ECG procedures at the end of the rest and warm-up periods, during the last 15s of each min of the test, and at peak exercise. Preceding the rest period, a 4 cm (1.25 in), 20 gauge intravenous teflon catheter was inserted in an antecubital vein. Samples were obtained during the last 30 s of the rest and warm-up periods, each workstage during P2, P3, and P4 and every other workstage during P1. Samples group.bmj.com on April 10, 2017 -Published by http://bjsm.bmj.com/ Downloaded from were also drawn immediately, 5 and 10 min post exercise (Gass et al, 1981; Lai and Lien, 1983) . Whole blood determinations of lactic acid were performed immediately following each test using a Yellow Springs Instruments Model 23L Lactate Analyser. Whole blood lactic acid concentrations were adjusted according to the haematocrit to obtain plasma lactic acid concentrations. The highest value obtained was used as the maximum lactic acid concentration. Rate of perceived exertion was recorded during the last 30s of warm-up, at the end of each workstage, and at peak exercise according to the methods originally described by Borg (1970) .
One-way analysis of variance (ANOVA) with repeated measures was computed to determine if significant differences (P < 0.05) occurred between protocols for maximal values of oxygen consumption, blood lactic acid concentration, heart rate, respiratory exchange ratio, treadmill time and RPE max. Linear regression equations were computed for the heart rate and RPE responses to increasing 02 for each protocol. The regression equations were compared statistically to determine possible differences with regards to slope, intercepot and residual variance (Snedecor and Cochran, 1967) .
RESULTS
There were no significant differences between the four protocols for maximal values of V02, heart rate, respiratory exchange ratio and blood lactic acid concentration (Table 11 ). The maximum rate of perceived exertion was significantly less (P < 0.05) during P1 (18.3 ± 1.1) than during P3 (19.3 ± 0.7). As expected, treadmill time was significantly less during P1 (10.1 min) than during P3 (11.8 min), P2 (13.1 min), or P4 (13.6 min). Also, treadmill time was significantly shorter for P3 than P4 (P < 0.05). The regression line of heart rate versus V02 had a significantly lower elevation (y-intercept) for P3 (76.78) than for P1 (86.15), P2 (81.53), or P4 (83.67). This resulted in a lower HR at every level of submaximal '\°2 for P3 than during the other protocols (Fig. 1 ). There were no significant differences between slopes of the regression lines or in residual variances. Even though there was a trend for a lower RPE at every level of V02 during P3 (Fig. 2) , the differences between the slopes and elevation of the regression of RPE/O2 did not obtain significance between protocols. There was an average increase in V02 of 297 ml.min-1 (4.6 ml.kg-lmin-1) between test stages during P2. During P1, the mean increase in V02 between test stages was 271 ml.min-1 (4.2 ml.kg-lmin-1). When the rate of increase (slope) of V02 with increasing intensity was compared between the regression of P1 (4.37) and P2 (4.69), the difference was not statistically significant.
DISCUSSION
We compared four testing protocols for measuring V02 max in trained runners. Based on the recommendations of others (Gibson et al, 1979; Harrison et al, 1980; Pollock, 1977; Taylor et al, 1955) , 3.58 m.s-1 was used as a common speed for all runners (P1 and P2). During P3 each runner ran at their reported training pace (3.89 ± 0.22 m.s-1) while P4 allowed the runners to select their running pace manually (3.53 ± 0.50 m.s-1). There was no significant difference between the four protocols for V02 max (Table 11 ). This agrees with the findings of Stamford (1975) priate when testing extremely well trained individuals. Morgan (1985) reported that exercise metabolism and efficiency of movement is dependent in part on cognition (thought), perception (sensations), and affect (feelings); therefore, perceived exertion or effort sense are associated with changes in the physiological response to exercise. The runners may have been more familiar and comfortable with running at their training pace. This may help to explain why heart rate was less and RPE had a tendency to be lower at every level of V02 during P3 than during the other protocols ( Figs. 1 and 2) . Allowing the subjects to select their own running speed during P4 was not effective. Even though the mean selected speed (3.53 m.s-1) approximated the speeds used for P1 and P2, a wide range of speeds was selected (2.63 to 4.39 m.s-1). Using self-selected speeds did not result in any physiological responses that differed from those obtained when the same speed was used for all runners (P2) and treadmill time was longer.
The stage increments of 2.5% grade showed an average increase in V02 of 297 ml.min-1 (4.6 ml.kg-'min-1) when 2 min stages were used for P2. These results are similar to those of Taylor et al (1980) who reported increases in V02 of 299 ml.min-' (4.2 ml.kg-lmin-') with 2.5% grade increments at a constant speed. When 1 min stages were used during P1, V02 increased by 271 ml.min-1 (4.2 ml.kg-1min-1). V02 with an increase in grade was not significantly different between P1 (4.37) and P2 (4.69). This indicates that 1 min stages appear to allow an adequate V02 kinetic response.
Treadmill time was significantly less during P1 (10.1 min) than during the other protocols (Table 11 ) and was consistent with the recommendations that a total testing time of 7 to 10 min in length is adequate to allow appropriate maximal physiological adjustments (Pollock et al, 1976) . There were no differences between protocols in terms of the maximal physiological data obtained, with the exception of RPE max. RPE max was lowest during P1, and significantly lower during P1 than during P3 (P < 0.05). Therefore, it appears that 1 min stages are adequate for a V2 max test and the shorter testing time may have resulted in a lower perception of test difficulty at peak exercise with no reduction in V02 max when compared to protocols of a longer duration.
CONCLUSIONS
Even though all of the protocols tested elicited similar V02 max data (1.1% variance between means), we suggest a protocol using 1 min test stages and running speeds that approximate the runner's training pace for the assessment of V02 max. This may result in a lower perception of difficulty throughout the test due to enhanced subject comfort and shorter testing times.
This book deals with range of motion, flexibility and strength whilst maintenance of cardio-respiratory fitness and specific sports skills are mainly ignored. The book is written for the professional in a well-appointed department of rehabilitation, many pages are devoted to strapping and fitting various types of brace (fifteen pages to knee braces) and indeed external joint splinting is not well-utilised in this country. Of necessity a number of exercises are repeated for differing injuries leading either to repetition or cross-referencing through the book; the cross-referencing is somewhat cumbersome. The book is fullyillustrated with photographs and bibliography at the end of each section which is separated into anatomical and injury-related divisions. The chapter on drug therapy displays a knowledge of the IOC banned list but is not an experienced guide for working within those restrictions as it mainly deals with the pharmacology of the banned drugs. The book also includes the regular use of Phenylbutazone which is banned in this country for sports injuries. No home exercises are given but all in all a useful attempt to rationalise rehabilitation exercises for soft tissues in a well-equipped gym or physiotherapy department, as long as the sportsman can attend regularly.
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